A pellicle-forming yeast, identified as Candida ingens, was found to grow on substrates derived from the anaerobic fermentation of monogastric animal wastes. The organism used volatile fatty acids C, to CQ and ammonia nitrogen. It had a preferential uptake of the acids in increasing order of molecular weight, removing 90% of the total titratable volatile acid. The nonwrinkled pellicle had a doubling time of 3.2 h, and the doubling time of the wrinkled pellicle was 4.2 h. Proximate amino acid and nucleic acid analyses suggested that the organism might be acceptable as a source of single cell protein. Its vitamin B group content compared favorably with that of other yeasts. It contained 6% calcium and 7% phosphorus. It could be useful in removing these minerals from effluents as well as in providing them as nutrients in livestock rations.
MATERIALS AND METHODS
. Total titratable volatile fatty acid (VFA) was estimated by steam distillation of 2 ml of medium with pH controlled at 2.7 by 2 ml of an aqueous solution made up of equal parts of 10% potassium oxalate and 5% oxalic acid. A titrimetric finish was used for both nitrogen and VFA estimations using 0.007 M H2SO4 and 0.01 M NaOH, respectively. Measurement of pH was made with a Pye Unicam model 291 pH meter. Individual VFA were estimated by a Varian Aerograph gas chromatograph, model 600D, with a hydrogen flame detector and column containing 5% free fatty acid phase in Chromosorb W AW, 60 to 80 mesh. Amino acid analysis was carried out with a Yanigimoti model LC 5. The vitamin assay followed the methods described in Methods of Vitamin Assay (3). The method described by McAllan and Smith (6) was used for the nucleic acid determination. A Leitz "Classimat" was used to determine the surface area of the yeast pellicle on photographic prints. Growth on piggery waste. The pellicle used as inoculum came from a 4-day culture of C. ingens held in three petri dishes, which contained as medium the nonautoclaved supernatant from a piggery septic tank. This was inoculated onto the surfaces of a medium from the same source held in two circular vessels, each 5 liters in capacity. The contents of one vessel had been autoclaved for 10 min at 122 C. The pH in each vessel was adjusted to 5 by the addition of concentrated sulfuric acid. The ambient temperature was constant at 21 C.
At inoculation the autoclaved medium contained 600 
TIME (HOURS)
The growth rate of the wrinkled and nonwrinkled phases was determined as follows.
(i) One loop of C. ingens, about 5.6 mm in diameter, was placed on a rat waste substrate in a 5-liter, vessel, 25 cm in diameter, and stirred without surface turbulence. The surface of the substrate was photographed by a fixed camera activated by a time switch every 20 min for 24 h. The experiment was terminated when the pellicle began to wrinkle. The surface area of the pellicle as measured on successive photographs was plotted against time.
(ii) An inoculum of C. ingens was placed on the surface of a rat waste substrate, where it grew until the total surface area of the substrate was covered by pellicle. Before wrinkling began, two plastic ice cube trays, which had the bottom of each cube container removed, were floated on the surface of the substrate so that the pellicle was divided into 180 discrete sections. Then, once hourly for 15 h, the pellicle was harvested from 12 of the sections, selected randomly. Each harvest of 12 sections was pooled, oven dried, and weighed. Dry matter mass was plotted against time.
RESULTS
Growth in piggery wastes. In the autoclaved substrate the pH rose from 5.0 to 7.15 ( liter (Fig. lb) , and each of the VFAs examined in the medium was reduced in quantity by the following percentages: acetic, 44; propionic, 46; butyric, 70; isovaleric, 48; valeric, 64; and caproic, 75 (Fig. lc) .
Yield of yeast (dry matter) after 39 h of growth was 1.39 g/liter. This yield is 38% (by weight) of the total VFA initially present in the substrate.
In the nonautoclaved substrate the pH rose from 5.0 to 7.15 (Fig. 2a) , the ammonia nitrogen fell from 560 to 400 mg/liter (Fig. 2b) Fig. 3a ) and ammonia nitrogen was reduced from 900 to 620 mg/liter (Fig.  3b) , whereas the pH increased from 4.6 to 7.2 (Fig. 3c) . In the control substrate total titratable VFA remained constant throughout the experiment (Fig. 3a) , the level of ammonia nitrogen increased from 900 to 1,060 mg/liter (Fig.  3b) , and the pH increased from 4.6 to 4.8 (Fig.  3c) .
Growth rate. The doubling time for the nonwrinkled phase of growth was 3.2 h (Fig. 4) , and for the wrinkled phase it was 4.2 h (Fig. 5) .
The proximate analysis (Table 1) shows that C. ingens, when compared with the analyses of other yeasts (1), contains similar levels of crude protein and ether extract, a very high level of ash, and lower levels of crude fiber and nitrogen-free extract (the latter being obtained by difference). The amino acid analysis (Table 2) shows that C. ingens has an adequate amino acid content when it is compared with the analyses of other yeasts (1), except that it is deficient in cystine. The mineral analysis (Table 3) shows that a major part of the ash consists of calcium and phosphorus. These levels, of the order of 6 and 7%, respectively, are much higher than other published values (7) . It should be noted that silica concentration was negligible. The vitamin assay (Table 4) established that for B group vitamins C. ingens compares very well with other published values (7) . Table 5 shows the nucleic acid content of a sample of C. ingens to be 9.19 g of nucleic acid per 100 g of protein. This is at the lower end of the range of 9 to 25 g of nucleic acid per 100 g of protein in single cell protein given by Kihlberg (5 
0.26
Nitrogen-free extract (difference) ....... 21.69 temporarily inhibited by the lowered pH; when the pH rose to a level at which the microflora could metabolize, a further production of VFA occurred. There were higher concentrations of VFA in the nonautoclaved than in the autoclaved medium, and this can explain the higher yield of yeast obtained from the former. More VFA and ammonia nitrogen was removed from the raw effluent than from the autoclaved sample. It was concluded that there was no advantage in heat treatment of the effluent before inoculation with C. ingens.
The acids with high molecular weights were removed more rapidly than those with lower molecular weights, suggesting that management of the fermentation to optimize production of the larger molecules may be useful both in removing carbon from effluents and maximizing the yield of yeast. Solubility of the acids does not appear to contribute to the preferential In the experiments using rat waste, total volatile ac;d in the control substrate did not change ever a period of 73 h, whereas ammonia nitrogen increased by nearly 18%. This suggests that, whereas ammonia nitrogen is being taken up by C. ingens, there is also a considerable amount of ammonia nitrogen being added to the substrate by the submerged microflora. It seems likely that this additional ammonia nitrogen is responsible for the rise in pH of the control substrate. Since the pellicle of C. ingens underwent lysis during the latter part of the experiment, it is clear that an optimum time for harvest should be determined.
The growth rate studies showed that the interval between inoculation and harvest could be shortened so that a harvest after 24 h of growth became possible. The measurement of growth rate presented some problems. In submerged cultures it is simple to harvest a known volume of medium at regular intervals and measure the increase in numbers. With a surface-growing organism there are two distinct growth stages. First, a sheet of the organism, a single cell or a few cells in thickness, increases its surface area as it expands over the surface of the substrate, and, second, when the organism continues to grow but has occupied all of the surface area available, it then proceeds to increase the surface area of the pellicle by wrinkling. The first stage was easily measured by a photographic method, whereas the second needed a means to separate the pellicle into equal discrete areas. The domestic refrigerator ice cube tray provided the means.
The various analyses showed C. ingens to be similar to other yeasts in some respects and to differ in others. Thus, the ash content of 21% of the sample (Table 1) was much higher than occurs in analyses of other yeasts (7) . Since a large part of the ash was made up of calcium and phosphorus, the organism may have a significant value for mineral nutrition; it also may be a useful organism to remove phosphorus from an effluent. The effluent contained the washings of a concrete floor under constant wear and tear from a population of pigs. The possibility that the yeast, because of its high ash, might contain significant amounts of silica was considered. This could have affected the nutritional quality of C. ingens. The virtual absence of silica from the yeast was a useful finding. The amino acid analysis shows that, in common with most other single cell proteins, C. ingens contained low levels of amino acids containing sulfur. The nucleic acid estimation showed that C. ingens did not contain a high level of nonprotein nitrogen when compared with other single cell proteins.
The vitamin assay indicated that additional supplementation with the vitamin B group would be unnecessary in monogastric nutrition when using C. ingens as a major protein supplement.
The results reported here suggest that C. ingens is worthy of continued investigation as a source of single cell protein.
ACKNOWLEDGMENTS

